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aooTaAC? 

(Distribution  Limitation  Statement  Mo.  2) 


Three  aircraft  shelters ,  constructed  of  corrugated  steel  and  concrete,  were 
tested  by  various  conventional  weapons.  The  shelters  ware  Instrumented  with 
strain  gages,  accelerometers,  thermocouples,  and  pressure  transducers.  This 
report  daaur?.u''u  the  instruaeutatt  ~n  system  used,  the  exact  locations  of  the 
transducers,  the  calibration  procedures  used,  and  the  data  reduction  system. 
All  test  data  and  the  gage  locations  are  presented  in  the  supplement.  The 
data  ere  not  analyzed  in  this  report.  However,  the  quality  of  the  data  is 
briefly  discussed. 
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c  ’.CTION  I 


IK  muDuCIlOK 

This  report  describes  the  Concrete  Sky,  Phase  VIII,  Instrumentation 
Program  conducted  at  Hill  Air  Force  Test  Range,  Utah.  Three  aircraft 
shelters  were  tested  by  subjecting  the  shelters  to  blasts  from  various 
conventional  weapons.  The  shelters  were  instrumented  to  measure  air 
pressure,  air  temperature,  strain  of  the  arch  shell  and  doorsj  vibration 
of  the  arch  shell,  foundation,  backwall  and  doors. 

The  structures  were  made  from  double  corrugated,  10- gauge  metal 
arches  with  24- foot  radii.  Each  shelter  was  covered  with  a  different 
thickness  of  concrete  and  had  a  different  design  and  a  different 
material  for  the  door.  Each  shelter  had  a  different  thickness  of  end- 
wall.  The  shelters  were  designated  in  the  following  manner: 

Shelter  A;  14-inch  Minimum  Concrete  Cover,  Nylon  Door, 

24- inch  Endwall 

Shelter  B:  1 8- inch  Minimum  Concrete  Cover,  Aluminum  Door, 

30- inch  Endwall 

Shelter  C;  24- inch  Minimum  Concrete  Cover,  Steel  Door, 

36- inch  Endwall 

Figure  1  shows  the  layout  of  the  shelters  and  the  revetments.  Fig¬ 
ures  2,  3,  and  4  show  the  shelters  as  seen  from  the  front. 

The  shelters  were  subjected  to  blast  pressure  and  shrapnel  effects 
of  230  pound,  300  pound,  and  1000  pound  general  purpose  bombs,  of 
122  mm  rockets,  and  to  napalm.  The  weapons  were  aerially  delivered 
and  statically  detonated.  ' 

A  multichannel  instrumentation  system  (shown  in  Figure  5)  was 
used  to  record  the  data  from  the  instrumented  shelters .  The  outputs 
from  the  measuring  transducers  were  transmitted  by  cable  to  a  data 
acquisition  system  and  recorded  on  magnetic  tape.  These  data  were 
played  back  to  an  oscillograph  for  final  data  presentation.  All  the 
data  are  presented  in  the  supplement.  This  final  data  package  pre¬ 
sents  each  trace  as  a  function  of  time  with  the  vertical  scale  in 
engineering  units  and  with  the  horizontal  scale  in  seconds. 


Figure  1.  Concrete  Sky  Shelter  Locations 


Sky  Data 
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A  data  package  is  presented  for  each  test.  The  package  includes  the 
time  histories  or  eacn  transducer  and  a  plan  showing  OU«5  uiwn  of  a. la. 
measuring  sensors.  Thus,  the  exacL  location  of  measuring  sensors  is  pre¬ 
sented  for  each  test.  The  data  are  filtered,  amplified  or  attenuated,  and 
the  arch  accelerations  are  double  integrated  .  Detailed  description  of  the 
data  reduction  is  presented  later  in  this  report. 

In  this  report  there  will  be  no  analyses  of  the  data.  The  report 
covers  the  instrumentation  system,  the  calibrations  of  the  measuring 
systems,  and  the  data  reduction  system. 

i 

i 
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SECTION  II 


INSTRUMENTATION  SYSTEM 

The  Concrete  Shy  instrumentation  system  consisted,  of  transducers  which 
measured  pressure,  vibration,  strain,  and  temperature.  Each  transducer  pro¬ 
vided  an  electrical  output  proportional  to  the  measured  parameter.  This 
electrical  signal  was  transmitted  by  cable  to  the  data  acquisition  system. 
Each  of  the  measuring  systems  will  now  be  discussed. 

1.  Pressure  Measuring  System 

The  pressure  measuring  system  consisted  of  a  pressure  transducer  ,  a 
2 

line  drive  amplifier  ,  a  28-volt  direct  current  power  supply,  and  a  magnetic 
tape  recorder.  Figure  6  shows  a  block  diagram  of  the  pressure  system. 


MICRODOT  CABLE 


Figure  6 

Block  Diagram  of  the  Pressure  Measuring  System 


(1)  Atlantic  Research,  Model  LD-25 

(2)  Gulton,  Model  KA-ioo6 
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The  pressure  transducer  has  a  piezoelectric  crystal  sens  in#?  element 
which  provides  an  electrical  output  proportional  to  the  pressure  on  the 

n  n  i  i  (  _  •»  r  f).  .  .....X  •  J  IV  m  4- amw  « v4 

i.itL’C  ui  one  cry  £  oax .  mien  luuuutcu  i  -luoi*  ,  uu«  oa auouuvci  icojA/m  w 

transient  pressures.  The  transducer  has  a  flat  frequency  response  through 
the  range  of  20  Hz  to  10,000  Hz.  The  transducer  measures  pressure  in  the 
direction  that  It  is  mounted,  as  shown  in  Figure  7.  Thus,  the  mounting  of 
the  transducer  determines  the  type  of  pressure  that  will  be  measured. 

When  the  transducer  is  mounted  so  that  its  face  is  directly  in  line  with 
the  blast,  the  output  voltage  is  proportional  to  the  reflected  pressure. 
When  the  transducer  is  rotated  90° ,  it  is  measuring  the  blast  overpressure. 
Figure  7  shows  the  two  basic  mounting  configurations. 


Figure  7 

Mounting  Configurations  for  the  Pressure  Transducers 
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Figures  6  tnrougn  i  r  enow  the  actual  mounting  cuuflguva.bluu .  Figure  S 
shows  the  mounting  plate  for  pressure  measurements  on  the  inside  of  the 
shelters  on  the  arch  wall  ( P—  1 5)  •  Figure  9  shows  the  plate  on  the  backwall 
(p-13)  for  inside  pressure  measurements .  In  each  case,  the  pressure  trans¬ 
ducer  was  threaded  into  the  plate  so  that  the  transducer  face  was  flush 
with  the  plate.  In  these  configurations,  the  reflected  pressure  is  obtained. 


Figure  8.  Inside  Pressure  Transducer  Side  Wall  Mounting  Plate. 


Figure  9.  Inside  Pressure  Transducer  Back  Wall  Mounting  Plate. 

10 


Figures  10  and  11  show  the  mounting  configuration  for  outside 
■pressure  measurements .  Holes  were  drilled  through  the  arch  shell  and  then 
through  the  back  wall,  so  that  the  transducer  cable  could  be  routed  to  the 
inside.  The  transducer  was  threaded  through  a  mount  face  plate,  and  the 
plate  was  bolted  to  the  arch  shell  mount.  Both  the  transducer  and  the  face 
plate  were  flush  with  the  outside  concrete  of  the  arch  shell  or  the  back-wall. 
These  transducers  were  mounted  at  incident  angles  of  0°,  45°,  and  90°  with 


the  blast. 


* 


figure  12  shows  the  pressure  transducer  mounting  configuration  for 
all  ground  pressure  measurements,  both  inside  the  shelter  and  outside  the 
shelter.  Again,  the  transducer  was  threaded  into  a  plate  so  that  the  face 
of  the  transducer  was  flush  with  the  plate.  The  plate  was  then  placed  at 
ground  level.  Hie  overpressure  was  measured  in  this  configuration. 


Figure  12.  Outside  and  Inside  Ground  Pressure  Transducer  Mounts 


To  measure  outside  *nd  Inside  door  pressures,  the  transducers  were 
Mounted  directly  to  the  doors.  The  transducers  were  threaded  into  the  steel 
and  into  the  aluminum  doors  so  that  the  transducer  faces  were  flush  with 
the  surfaces  of  the  doors. 
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The  electrical  output  of  the  pressure  transducer  is  approximately 
80  millivolts  per  psi,  and  the  capacitance  of  the  crystal  is  approximately 
J?60  pico  farads.  As  a  long  cable  was  required  between  the  shelters  and  the 
data  acquisition  trailer,  a  preamplifier  was  required  near  the  transducers. 
The  preamplifier,  or  the  line  drive  amplifier,  was  a  low-noise,  high-input 
impedance,  and  a  high  gain  amplifier.  The  preamplifiers  were  placed  within 
10  feet  from  the  transducers  and  were  wrapped  in  a  soft  insulation  material 
The  transducer  output  was  transmitted  through  a  low-noise,  lew- capacitance 
Microdct  cable  to  the  line  driver.  The  line  driver  output  was  transmitted 
through  a  cable1  of  approximately  1500  feet  to  the  tape  recorder.  The  line 
driver  used  has  the  specifications  shown  in  Table  I. 


Table  I  line  Drive  Amplifier  Specifications 


Frequency  Response: 

5  Hz  to  12K  Hz  (±  5$) 

Adjustable  Gain*. 

— 40  DB  to  Output  Voltage  of  6.5  Volts 

Power  Supply 

Voltage: 

28  Volts 

Noise  Level: 

5  Millivolts 

The  units  were  tested  and  evaluated  by  MRI.  The  specifications  of  Table  1 
are  the  results  obtained.  The  gain  of  the  line  drivers  was  adjusted  during 
the  calibration.  The  28  volt  direct  current  power  for  the  line  drive 
amplifiers  was  transmitted  by  one  cable  to  each  shelter  from  the  data 
acquisition  trailer. 

The  output  from  the  line  drivers  was  recorded  1  on  a  magnetic  tape 
recorder.  The  recording  system  will  be  discussed  in  Section  5. 


(l)  Belden  Shielded  Instrumentation  Cable,  Type  Mohawk  l66l 
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2.  Vibration  Measuring  System 


Auc  v±uiquj.uu  mcrtiaux  xng,  ojfoucm  i;uaai£3ucu  ui  a  vxuiauxua  louxauiun 

1  2  ^ 

mount  ,  an  accelerometer  ,  a  gage  control  unit  ,  a  low-pass  filter,  a  data 

amplifier  ,  and  a  magnetic  tape  recorder"" .  A  block  diagram  of  the  system 
is  shown  in  Figure  1J. 


Figure  13.  Block  Diagram  of  the  Vibration  Measuring  System 

The  accelerometers  were  a  strain  gage  type  using  semiconductor  gages 
for  the  sensing  elements.  These  units  are  referred  to  as  piezo-resistive 
accelerometers.  The  sensing  elements  provide  electrical  outputs  which  are 
proportional  to  the  G  to  which  the  transducers  are  subjected. 


(1)  Barry,  Series  E22-02-60 

(2)  Endevco,  Model  22&+A 

(3)  Honeywell,  Model  103 
)  Dana  3^20 

(5)  Consolidated  Electrodynamics  Corp.,  Model  3300 
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In  this  particular  program  the  accelerometer  measurements  were 
to  he  used  to  obtain  the  structural'  response  of  the  arches  and  their 

i  .  i.  i _  rm.  —  .... 1  ._1J  am.1  am  rw4  r»t*  +r*»  f.H®  MAM 

iuunuauxuiiDi  j.xi>=  w*v*»*  **  vw-.— ■*..»»  jt~—  ~  - —  * — - —  - - 

program  showed  that  the  structural  modes  which  contributed  significantly 
to  the  displacement  response  were  in  the  frequency  Dana  from  zero  to  10  nz. 
Thus,  the  acceleration  response  contributions  from  higher  frequency 
components  were  not  desired  in  the  measured  response.  Two  corrective 
measures  were  taken  to  reduce  the  higher  frequency  components  frcm  the 
acceleration  measurements:  electronic  filtering  of  the  accelerometer 
signal  and  mechanical  isolation  of  the  accelerometer  body.  The  filter  was  a 
low  pass  10  Hz  filter  with  the  components  and  frequency  response  3hown  in 
Figure  1^. 


Figure  14,  Electrical  Filter  Used  in  the  Vibration  Measuring  System. 
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In  addition  to  the  electrical  filter,  a  vibration  isolation  mount  was 
used.  A  steel  block  was  placed  on  the  mount,  and  the  accelerometers  were 
placed  on  the  steel  block.  The  mount  isolated  the  block  and  the  accelerometers 
from  the  high-frequency  vibrations.  Thus,  the  isolation  mount  provided 
mechanical  protection  for  the  accelerometers .  The  three  mounts  were  tested 
in  the  laboratory  to  determine  the  frequency  spectrum  of  the  mount-bloc- accel¬ 
erometer  system.  Figure  15  shows  the  laboratory  test  setup.  Frequencies 
above  1000  Hz  were  attenuated  at  a  rate  of  20  Db/octave. 


Figure  15-  Evaluation  of  the  Barry  Mount 
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Barry  Mount  frequency  Response 


Figure  10.  Arch  Vibration  Mounts 


The  output  from  the  accelerometer  was  transmitted  through  a  three- 
conductor  shielded  cable  (approximately  1500  feet  long)  to  the  signal 
conditioning  equipment  In  the  data  acquisition  trailer.  The  signal  con¬ 
ditioning  equipment  consisted  of  a  gage  control  unit,  a  lew-pass  electri¬ 
cal  filter,  and  a  data  amplifier  for  each  accelerometer. 

The  gage  control  unit  provided  the  Wheatstone  bridge  completion 
resistors,  the  bridge  balancing  circuit,  the  calibration  resistors,  and 
the  DC  power  supply.  The  accelerometers  consisted  of  a  half -bridge  cir¬ 
cuit)  thus,  the  gage  control  unit  provided  two  precision  resistors  to 
oosiplete  the  bridge.  The  balancing  circuit  rebalanced  the  measuring  sys¬ 
tem  for  a  zero  voltage  output.  A  1 1-4-K  ohm  calibration  resistor  was  used 
to  obtain  a  known  equivalent  strain  value.  The  gage  control  unit  provided 
a  switch  so  that  this  resistor  could  be  placed  across  one  of  the  legs  of 
the  Wheatstone  bridge.  The  power  for  the  bridge  circuit  was  provided  by 
the  gage  control  unit.  A  voltage  variation  from  5  to  12  volts  was  avail- 
abls  for  each  of  the  circuits. 


The  output  of  the  gage  control  unit  was  routed  through  the  low-pass 
filter  to  a  D.C.  data  amplifier,  'me  amplifiers  were  wired  in  a  differ¬ 
ential  mode  to  minimize  system  noise .  A  gain  range  of  1  to  1000  was  avail¬ 
able  for  each  channel. 

The  output  of  the  amplifiers  was  recorded  on  magnetic  tape. 

3.  Strain  Measuring  System 


The  strain  measuring  system  consisted  of  a  strain  gage,  a  gage  control 
unit,  a  data  amplifier,  and  a  magnetic  tape  recorder.  A.  block  diagram  of 
the  system  is  shown  below  in  Figure  19 • 


Figure  19.  Block  Diagram  of  the  Strain  Gage  Measuring  System 


Two  types  of  gages  were  used  for  strain  measurement.  Gages  placed 
on  steel  were  Model  BAE-06-250  HB-120  TE1  and  gages  placed  on  aluminum  were 
Model  BAE-12-250  HB-120  TE1.  These  gages  have  a  nominal  resistance  of  120 
ohms  and  a  gage  factor  of  approximately  2.0.  Each  of  the  gages  consisted 
of  a  single  element  mounted  along  the  axis  of  strain.  The  gages  were  mounted 
by  using  a  BR-6001  adhesive  for  steel  and  Eastman  91°  aluminum.  The 
gages  were  weatherproofed  by  placing  Gagecoat  $1  over  the  top  of  the  gage- 
wire  installation. 


(1)  Bean  Manufacturing  Co. 
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Figures  20  and  21  show  a  topical  strain  gage  installation. 


Figure  20.  Door  Strain  Q&ge  Installation. 
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Figure  21.  Door  Strain  Gage  Installation  with  Protective  Coating. 
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The  strain  gages  were  placed  on  the  inside  of  the  arch  sheila,  the 
steel  door  and  tne  aluminum  door.  Four  auuiuiuiutl  gaged  Wue  placed  In  the 
large  corrugations  of  the  arch  shell,  as  shewn  in  Figure  22.  These  gages, 
placed  In  Shelter  B  (2^-40,  50,  90,  100),  were  installed  to  measure  the 
strain  distribution  in  the  cross  section  of  the  aroh. 


Figure  22.  Arch  Strain  Gage  Installation 


A  three-wire  cable  was  used  from  each  gage  to  the  data  acquisition 
trailer •  The  three-wire  system  minimized  the  effects  of  temperature 
changes  on  the  strain  measurement  system.  However,  temperature  effects 
were  not  a  primary  concern,  as  dynamic  strain  data  were  desired. 

The  cab3.es  from  the  strain  gages  were  terminated  in  gage  control 
units.  These  units  were  similar  to  the  gage  control  units  used  in  the 
vibration  measuring  system.  They  completed  the  Wheatstone  bridge  circuit 
and  provided  the  calibration  circuit,  the  balancing  circuit,  and  the  power 
supply. 

\  i 

S 

The  output  from  the  gage  control  unit  was  transmitted  through  iD.C. 
data  amplifier  to  a  magnetic  tape  recorder. 

4.  Temperature  Mmesurlm  System 

The  temperature  measuring  system  consisted  of  a  thermocouple,  en  ice 
Junction,  a  data  amplifier,  and  a  magnetic  tape  recorder,,  A  system  block 
diagram  Is  shown  in  Figure  23. 


Figure  23.  Block  Diagram  of  the  Temperature  Measuring  System 


The  thermocouples  used  were  mad.e  of  chrome  Its.  aluniel  wire.  This  type 
of  thermocouple  can  measure  temperatures  to  2500w  F.  and  yields  an  output  or 
approximately  10  millivolts  for  every  500°  F.  Three  configurations  of  thermo¬ 
couples  were  used:  two  for  air  temperatures  inside  the  shelters  and  one  for 
the  nylon  door  temperature.  Figure  2k  shows  the  configurations  used  for  in¬ 
side  shelter  temperatures,  and  Figure  25  shows  the  configuration  used  for  the 
nylon  door  temperature .  The  exact  location  of  the  thermocouples  is  shown  in 
the  data  book  prior  to  each  test. 
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Figure  25.  Nylon  Door  Temperature  Transducer  Installation 

The  thermocouples  were  routed  to  an  ice  junction  located  in  the  shelters. 
This  junction  provided  a  known  reference  for  all  temperature  measurements. 
From  the  ice  junction  to  the  trailer,  a  standard  two-conductor  cable  was 
utilized.  A  D.C.  data  amplifier  was  used  to  amplify  the  millivolt  signals 
prior  to  recording  them  on  a  magnetic  tape  recorder. 

5.  Data  Acquisition  System 

The  data  acquisition  system  consisted  of  four  tape  recorders  (Figure  26). 
These  magnetic  tape  recorders  were  used  for  all  test  data  collection.  The 
tape  units  were  standard  IRIG,  1  inch  tape  units.  The  high-frequency  pres¬ 
sure  data  were  recorded  at  6l  inches  per  second  and  at  a  center  frequency 
of  5^  K  Hz,  while  all  the  other  data  were  recorded  at,  15  inches  per  second 
and  at  a  center  frequency  of  13.5  K  Hz.  All  the  data  were  recorded  with 
FM  electronics  using  a  deviation  of  — 


Figure  26.  Data  Recording  System 


The  40 i  deviation  enabled  the  pressure  data  to  be  recorded  with  a 
frequency  response  of  0  to  10,000  Hz.  These  data  were  deviated  through  a 
carrier  Of  3? .4.00  Hz  to  75,600  Hz  at  +  2.5  volts.  (Thus,  a  pressure 

equivalent  to  +  2.5  volts  was  recorded  on  magnetic  tape  as  75,600  Hz,  and 
a  negative  pressure  equivalent  to  -  2.5  volts  was  recorded  at  32,400  Hz.) 

All  data,  except  the  pressure  data,  were  recorded  with  a  frequency 
response  of  0  to  2,500  Hz.  These  data  were  deviated  +  bCffo  from  the  center 
frequency  of  13.5  K  Hz  at  +  5  volts . 

The  four  tape  recorders  were  time  correlated  with  a  time  code  generator  . 
The  output  of  thv  time  cede  generator  was  recorded  on  Track  13  of  all  four 
tape  recorders  in  an  IRIG  B  format.  This  format  is  a  100- pulse- per- second 
signal  yielding  the  exact  time  of  occurrence. 

Voice  annotation  was  recorded  on  all  tape  units  on  Track  14,  The  voice 
track  identified  each  event  on  the  tapes. 


(1}  £EC0  858 


SECTION  III 


CALIBRATION  OF  INSTRUMENTATION  SYSTEMS 

Dynamic  and  electrical  calibrations  were  performed  on  all  measuring 
systems.  Known  pressure  and  vibration  levels  were  applied  to  tun  pressure 
transducers  and  to  the  accelerometers.  Electrical  values  simulating  strain 
and  temperature  were  applied  to  the  strain  gages  and  to  the  thermocouples. 

In  this  section  detailed  discussions  are  presented  for  the  calibration 
methods  that  were  utilized. 

1.  Pressure  System  Calibrations 

Each  pressure  transducer  used  on  the  Concrete  Sky  Project  was  new  and 
had  a  manufacturer's  calibration  certificate.,  A  typical  certificate  is 
shown  in  Enclosure  1.  This  vendor  calibration  yielded  the  sensitivity  and 
the  linearity  of  the  transducers.  Thus,  f'ach  transducer  obtained  was 
verified  prior  to  actual  installation. 

Prior  to  each  test  and  following  each  test,  a  dynamic  pressure  cali¬ 
bration  was  performed.  The  purpose  of  the  calibration  was  to  adjust  the 
gain  of  line  drive  amplifiers  and  to  calibrate  the  total  end-to-end  system. 

The  pressure  calibration  system  is  shown  in  Figure  27. 

The  calibration  pressure  was  obtained  by  using  a  microphone1 .  This 
unit  was  calibrated  in  an  acoustical  laboratory,  so  that  a  specified 
voltage  produced  a  decibel  level  at  a  given  frequency.  From  this  calibration 
the  following  was  obtained: 

A  voltage  signal  of  volts  (RMS)  at  400  Hz  applied  to  the  calibrator 

produces  an  output  of  160  DB,  which  is  equivalent  to  0.29  psi  (RMS).  Therefore, 
the  field  calibrations  performed  on  each  pressure  transducer  yielded  an  output 
equivalent  to  O.29  psi.  This  transducer  output  was  observed  on  an  oscilloscope 
in  the  instrumentation  trailer,  and  the  exact  voltage  was  tabulated  on  a  data 
sheet . 

(1)  Whittaker  Photocon  Dynamic  Pressure  microphone,  Model  PC-120 
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Figure  27.  Dynamic  Pressure  Transducer  Calibration  System 


All  dynamic  pressure  calibrations  were  performed  by  placing  the  cali¬ 
brator  over  the  face  of  the  transducer,  as  shown  in  Figure  27*  The 
transducers  were  mounted  in  place  prior  to  the  calibrations,  and  the  cali¬ 
brator  was  moved  to  each  location. 


2.  Vibration  System  Calibration 

A  laboratory  calibration  was  performed  on  each  accelerometer.  Figure 
28  shows  a  block  diagram  of  the  laboratory  calibration  system. 


Figure  28.  Laboratory  Vibration  Transducer  Calibration  System 

A  transducer  calibration  certificate  was  obtained  for  each  accelerometer,  a 
sample  copy  of  which  i3  shown  in  Enclosure  2.  This  calibration  verified  the 
frequency  response  of  the  accelerometer  and  established  the  sensitivity  and 
linearity  of  the  accelerometer. 

Prior  to  each  series  of  tests,  a  one  g  calibration  was  performed  by 
rotating  the  accelerometer  90°,  (Figure  29).  This  calibration  was  performed 
with  the  total  vibration  measuring  system  connected.  The  output  voltage 
from  the  data  amplifiers  was  recorded  on  a  test  data  sheet. 
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INSTRUMENTATION  TRAILER 


Figure  29.  Field  Vibration  Transducer  Calibration  System 

3.  Strain  Calibration  System 

The  strain  gage  measuring  system  was  calibrated  electrically  by  placing 
a  known  precision  resistor  across  the  electrical  circuit.  This  calibration 
method  is  shown  in  Figure  30.  The  resistor  calibration  value,  F  calib> 
was  selected  at  114  K  ohms.  By  closing  switch  S,  the  circuit  was  unbalanced 
and  an  output  was  obtained.  This  output  was  recorded  on  the  tape  recorder 
prior  to  each  test. 
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The  resistor  calibration  value  was  equivalent  to  51 3  |iin/in  as  shown 
below: 

‘  '  la,«c.lll,  *  8> 

where  e  =  strain  value  in  Hin/in 

R  =  strain  gage  resistance  in  ohms 

K  =  manufacturers  gage  factor 

N  *  number  of  active  gages 

R  =  calibration  resistance  value  in  ohms 
calib 


4, 


Temperature  taj.xuiai.xuu  wyov® •*» 

The  temperature  measuring  system  vfas  calibrated  electrically  by- 
inserting  a  known  voltage  into  the  circuit  as  shovm  in  Figure  3-L.  The 
precision  voltage  was  recorded  on  tape  and  used  for  data  reduction. 

Standard  conversion  tables  for  thermocouples  were  used  to  establish 
an  equivalent-  temperature  for  a  given  voltage.  All  thermocouples  were 
calibrated  with  a  15  millivolt  signal  equivalent  to  692°  F.  for  the  chromel 
vs.  alumel  thermocouples  used  and  with  an  ice  reference  junction. 


Figure  33-.  Block  Diagram  of  the  Temperature  Calibration  System 


5.  Tape  Recorder  Calibration 

The  four  tape  recorders  were  set  up  for  the  correct  carrier  frequencies 
and  +  40*  deviation  prior  to  each  series  of  tests.  After  they  were  set  up, 
a  known  precise  voltage  was  recorded  on  each  channel  of  the  tape  recorders. 
This  voltage  of  0.50  or  1.00  volt  was  simultaneously  recorded  on  each 
channel.  These  recorded  voltage  calibrations  were  later  used  in  the  reduction 

of  data. 
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SECTION  IV 


DATA  REDUCTION 

An  analogue  and  a  digital  data  reduction  system  were  used  to  reduce  the 
data.  The  pressure,  the  strain,  the  temperature ,  and  the  foundation  vibration 
data  recorded  on  magnetic  tape  were  played  back  to  an  oscillograph  and  to 
a  plotter.  Scales  in  engineering  units  were  placed  on  the  data.  The  arch 
vibration  data  were  digitized  and  double  integrated  by  a  computer,  so  that 
arch  displacements  were  obtained  on  a  Calcomp  plotter.  All  the  data  are 
presented  in  data  books  under  a  separate  cover.  In  this  section  the  data 
reduction  techniques  are  discussed. 

1.  Analogue  Reduction  System 

The  analogue  reduction  system  consisted  of  a  tape  recorder,  variable 
filter,  amplifiers,  a  time  code  reader,  an  oscillograph,  and  an  X-Y  plotter. 
This  system  is  shown  in  Figure  32. 

In  order  to  obtain  the  desired  oscillograph  presentation,  the  tape 
recorder  speeds  were  reduced.  The  pressure  data  were  played  back  at  1-7/8 
ips,  the  strain  and  vibration  data  at  3-3/4  ips ,  and  the  temperature  data 
at  7-1/2  ips.  The  data  were  filtered  when  necessary  by  a  Rockland  variable 
filter  which  alternates  at  24  DB/octave.  The  output  of  the  filter  was 

amplified  by  a  wide  band  amplifier'1'.  The  output  of  the  amplifier  was 

2 

recorded  on  an  oscillograph  .  The  temperature  data  were  recorded  on  an  X-Y 
recorder^  because  the  changes  in  temperature  occurred  very  slowly.  The  X-T 
recorder  provided  a  more  desirable  presentation  of  the  temperature  data  than 
did  the  oscillograph. 

The  oscillograph  data  were  reduced  by  utilizing  the  calibration  data  and 
field  calibration  notes.  Each  oscillograph  trace  was  scaled  for  amplitude  in 
engineering  units  and  was  scaled  for  time  in  seconds.  All  time  scales  for  a 
given  test  had  the  same  reference  point.  The  procedures  used  in  scaling  the 
data  to  engineering  units  are  presented  in  Enclosure  3. 

7TJ  Preston,  8300 

(2)  Honeywell,  1508 

(3)  Mosley,  7004a 
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Figure  32 

Analogue  Data  Deduction  System 
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Shelter  arch  deflections  were  desired.  Direct  deflection  measurements 
could  not  be  made;  thusj  the  acccle rojueLer  data,  were  utilised  to  obtain 
deflections.  This  data  had  to  be  double  integrated  to  obtain  displacement 
data.  The  best  method  for  double  integration  of  data  is  by  means  of  a  com¬ 
puter.  The  KLrtiand  AFB  computer  facility  was  used  to  reduce  the  acceleration 
time  histories  to  displacement  time  histories.  The  method  used  to  obtain 
the  displacement  data  is  discussed  below: 

The  data  tapes  were  played  back  on  an  Ampex  FR-1300  tape  recorder.  The 
data  were  converted  four  channels  at  a  time  from  analogue  data  to  digital 
data  by  means  of  a  EDCOMP  8032C  A/D  converter.  A  digital  multiplexed  tape 
was  obtained  (Figure  33).  A  CDC  8090  computer  waa  used  to  de-multiplex  the 


Figure  33.  Digital  Reduction  System 
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tape  and  produce  a  stripped  digital  tape.  This  tape  was  checked  on  a  display 
unit  ana  on  a  platter.  FI, eure  3-  skews  a  block  of  this  procedure. 


CDC  8090  COMPUTER 


MX  TAPE 


STRIPPED 

TAPE 


Figure  34.  Procedure  Used  to  De-Multiplex 
and  Check  the  Digital  Tape 


The  digital  stripped  tape  consisted  of  the  acceleration  time  history- 
data.  This  tape  was  then  placed  in  a  CDC  l6o4-B  computer  system  to  obtain 
a  plot  tape  which  yielded  displacement  time  history  data. 
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Figure  35.  Conversion  of  Stripped  Tape  to  Plot  Tape 
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obtain  the  final  data.  A  Calc  cm. p  plotter  van  used  to  reproduce  the  final 
data.  Both  the  acceleration  and  displacement  time  histories  are  presented. 
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Figure  36.  Displacement  Data  Presentation 
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SECTION  V 


DISCUSSION  OF  DATA 

The  test  data  are  presented  in  three  supplementary  books; 

Book  I  Data  for  Tests:  7-B-1  (b) 

3-B-1  (a) 
lU-A-2 
14-A-1 

7- A-5 
3- A- 2 

8- A-1  (b) 
8- A- 2 


\ 


Book  II 


Book  III 


Data  for  Tests:  7-A-2 

8- A- 1  ( a ) 
8-C-l 
7-C-4. 
6-c-i 


7-C-3 

7- C-2 

Data  for  Tests:  8-B-3 

8- B-2 
8-B-1 
7-B-4 
7-B-3 
7-B-2 

10-C-2 
10-A-1 
10-C-1 
7-B-1  (a) 
7-A-1 
7-C-1 
3-C-2 


I 

! 

i 
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of  the  test  programs.  Table  II  shows  the  original  and  new  numbers.  The 
original  numbers  were  used  for  voice  annotation  on  Lhe  tapes.  The  test 
numbers  were  changed  to  establish  meaning  to  the  numbers.  The  following 
information  can  be  noted  from  the  test  number: 

1st  Digit:  6  =  250  lb.  G.  P.  Bomb 

7  =  500  lb.  G.  P.  Bomb 

8  =  1000  lb.  G.  P.  Bomb 

3  =  122  mm  Rocket  (warhead) 

1 0  =  Napalm 

Letters  indicate  shelters:  Shelters  A}  B,  and  C. 

Last  digit  indicates  test  number  on  a  shelter. 

Example:  Test  8- A- J 

1000  lb.  0.  P.  Bomb  detonated  at  Shelter  A. 
It  is  the  third  test  of  the  series  performed 
on  Shelter  A. 
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Table  II  Test  Numbering  System 


Date  of  Test 

Original  Test  Number 

New  Test  Number  t 

July  16,  1969 

Test  #2  Door  of  #2 

7-B-1  (b) 

July  16,  1969 

Test  #1  Door  of  #2 

3-B-1  (a) 

u 

July  11,  I969 

Failure  #2-1 

14-A-2 

p> 

<+ 

p> 

July  10,  1969 

Failure  #1-1 

14-A-l 

July  10,  1969 

Revet.  2-1 

7-A-3 

& 

July  10,  1969 

Revet.  1-1 

3-A-2 

H 

July  10,  1969 

9-A-l  Repeat  N 

8-A-1  (b) 

July  10,  1969 

9-B-l 

8-A-2 

July  9,  1969 

8-d-i 

7- A- 2 

July  9,  1969 

9-A-l 

8-A-1  (a) 

1 

p> 

July  8,  1969 

9-A-3 

8-C-l 

July  8,  1969 

8-D-3 

7-C-3 

8f 

July  7,  1969 

8-E-3N 

6-C-1 

0 

K 

July  7,  1969 

9-B-3 

8-C-2 

ro 

July  7,  1969 

8-B-3 

7-C-3 

July  7.  1969 

8-A-3N 

7-C-2 

July  2,  1969 

9-A-2S 

8-B-3 

July  2,  1969 

9-B-2 

8-B-2 

July  2,  1969 

9-A-2N 

B-b-i 

June  30,  1969 

8-A-2S 

7-B-4 

June  30,  I969 

8-B-2 

7-B-3 

g 

June  30,  1969 

8-A-2N 

7-B-2 

June  26,  1969 

6-B-3 

10-C-2 

1 

June  26,  1969 

6-A-l 

10-A-1 

* 

uo 

June  26,  1969 

6-A-3 

10-C-1 

June  25,  19*>9 

8-C-2 

7-B-1  (a) 

June  25,  1969 

8-C-l 

7-A-l 

June  24,  1969 

8-0-3 

7-C-1 

June  24,  1969 

l-C-3 

3-C-2 

The  test  d*.t"  rpr'nrH pfl  nr\  f'nnr  tape  recorders,  identified  as 

Tape  Recorder  1,  2,  3,  and  5*  The  first  set  of  tests  recorded  on.  these 
tap^s  are  identified  by  a  — i  (i.e.,  first  tape  of  tape  recorder  no.  1  is 
identified  1-1).  When  this  tape  was  full,  the  next  tape  of  the  recorder 
was  identified  1-2.  Each  tape  recorder  had  a  recording  capacity  of  fourteen 
channels.  The  functions  recorded  on  each  channel  are  Identified  by  using 
the  first  letter  of  each  function,  the  shelter  letter,  and  a  number  which 
identifies  the  exact  location.  Examples  are  given  below: 

V  -  10:  Vibration,  Shelter  A,  Location  10 

61 

S.  -  6:  Strain,  Shelter  B,  Location  6 

0 

Pc  -  4:  Pressure ,  Shelter  C,  Location  4 

T  -  1:  Temperature,  Shelter  A,  Location  1 

& 

The  test  data  will  now  be  discussed  for  validity,  and  any  questionable 
data  will  be  pointed  out.  For  exact  gage  location  and  the  actual  time 
histories  obtained,  refer  to  the  data  book  supplements.  Table  III  on  the 
following  pages  gives  explanations  regarding  the  data  validity. 
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ts  Regarding  the  Following  Data  (Continued) 


-19:  Noisy  signal 


ding  the  Following  Data  (Continued) 


t s  Regarding  the  Following  Bata  (Continued) 


Low  level  signal  I  V, -8,  V. -10:  Low  level 


tf  Regarding  die  Following  Data  (Continued) 


Regarding  Che  Following  Data  (Continued) 


level  signal 


SUMMAH 


This  report  presents  discussions  of  the  instrumentation  system,  the 
calibration  system,  and  the  data  reduction  system  of  the  Concrete  Sky 
Instrumentation  Program.  These  systems  are  reviewed  in  great  detail  so 
that  future  data  evaluations  and  analyses  can  be  performed.  The  reduced 
data  is  presented  under  separate  cover;  however,  comments  concerning  data 
validity  are  presented  in  Section  V.  Many  of  the  reduced  traces  indicated 
that  the  signals  recorded  were  very  low  level  signals.  These  signals  when 
reproduced  on  an  oscillograph  were  in  the  noise  level  of  the  recorded  signal 
levels.  The  signal  to  noise  ratio  for  the  instrumentation  systems  was 
approximately  40  decibels  or  100  to  1.  Therefore,  a  good  detectable  signal 
had  to  be  at  least  of  the  full  scale  level.  For  example,  an  acceler¬ 
ometer  set  for  a  10  G  full  scale  level  yielded  data  to  a  minimum  level  of 
0.1  G.  Many  signals  were  below  this  level}  thus,  the  comment  used  in 
Section  V  for  these  channels  i8:  Noisy  signal. 

The  shelter  response  data  for  the  tests  conducted  is  of  a  high 
quality.  This  data  clearly  indicates  the  peak  levels  and  the  natural 
frequencies  of  .the  structures.  The  pressure  data  is  extremely  high  fre¬ 
quency  data  and  is  a  very  difficult  parameter  to  measure.  This  data  is 
affected  by  items  such  as  the  placement  of  the  bomb  on  the  ground  and  the 
shrapnel  effects.  These  types  of  variables  make  the  data  inconsistent. 

Thus,  some  of  the  pressure  traces  are  suspect.  A  considerable  amount  of  time 
is  still  required  to  evaluate  the  validity  of  the  pressure  traces. 
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APPENDIX  I 

PRESSURE  TRANSDUCER  CALIBRATION  CERTIFICATE 

J-J-  T.-.;  1  1U£Q 

CALIBRATION  CERTIFICATE 


Transducer _  Flush  Mounting  No.  LD-25 _  Serial  No. _  458 


CALIBRATION  METHOD 


Atlantic  Research  pressure  transducers  are  calibrated  by  a  pulse  technique. 
The  transducer  is  mounted  in  a  vessel  filled  with  nitrogen  and  the  pressure 
pumped  up  to  the  desired  value.  The  sudden  release  of  pressure  by  means  of  a 
quick-acting  valve  results  In  a  pressure  step  function  being  applied  to  the 
transducer.  The  response  is  observed  on  an  oscilloscope. 

This  method  is  simple,  unambiguous,  and  lends  Itself  to  absolute  calibration 
through  the  use  of  a  standard  cell,  standard  capacitances,  and  a  standard 
bourdon  tube. 

The  results  of  the  calibration  of  the  transducer  with  the  above  Serial 
Number  are  given  below.  The  calibration  data  are  reproducible  within  +1%. 

For  accurate  measurements,  it  Is  suggested  that  a  calibration  curve  b*~uaed. 


CALIBRATION  RESULTS 

Temperature  26 _ ®C. 

Capacitance  259 _ uyf 


Detailed  Calibration  Data 

Pressure  Charge 

(p8l)  (yyi  Coulombs) 


DC  Input  Resistance  10.000  megohms 

Leak up  i  Resistance*  -  megohms  25 

Aver. -up  Sensitivity  50 

_ ?.  l  ._5 _ yyC/psi  75 

0.083  volts /ps i  100 

(open  circuit) 

2 

-118  db  ref  1  volt /dyne /cam 
(open  circuit) 


♦Resistance  from  the  transducer  mounting  sleeve 
output  terminal(s);  given  where  applicable. 


505 

1090 

1650 

2210 


or  housing  to  the  transducer 


Measurements  made  and  certified 
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APPENDIX  II 


ACCELKKATiUN  (JALlBKAiluN 


Model  No. 

2264A 

Serial  No. 

0995 

Range 

+150  g 

Manufacturer 

ENDEVCO 

Max.  Excitation 

Voltage 

10  V  DC 

AC 

Terminals  No. 

R 

fi 

Rest an ce 

1723  a 

Terminals  No. 

B 

Resistance 

1726  0 

SENSITIVITY: 


Millivolts  2.78/g 

” f-ltation 

10  VDC  Applied  Load 

90  g 

LINEARITY 

&  HYSTERESIS: 

Temperature 

80*F 

Units 

(g!> 

Millivolts 

(up) 

Millivolts 

(down) 

0 

0 

0 

Lineari ty 

0.6  X 

10 

27.82 

28.49 

Hya  teresis 

0.3  X 

30 

83.28 

83.67 

50 

138.73 

139.01 

PSID: 

70 

196.63 

196.36 

Millivolt  Shift 

90 

253.66 

At  Line  Pressure 

of 

CALIBRATION 

FACTOR: 

Resistance 

Millivolts 

Units  (k) 

250  k 

9.86 

3.52 

100  k 

24.75 

8.81 

50  k 

49.29 

17.55 

25  k 

97.50 

34.70 

Tested  by 

Pb 

Date 

6-6-69 

Approved  by 
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APPENDIX  III 


Procedure  Used  in  Scaling  the  Amplitude 
of  Reduced  Data  to  Engineering  Units 


A.  Vibration  in  G 

B.  Pressure  in  PSI 

C.  Strain  in  \±  Df/lN 

D.  Temperature  in  °F 
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A  VIBRATION 

The  following  procedure  was  used  in  obtaining  the  amplitude 

*'#*'*!.’*  nl  I  -»--l  K'**#*  *■  4  AM  r»U  «vinn1  r.  . 

UC'*.!.  j  1UA  0^.0.  »  .i.  1/ A  CA  V  .L<_<  1  l  V<liai>iew  J.U  , 


Data  Acquisition 

1.  The  dynamic  calibration  value  wua;  1G  =  1  .  60*  volts 
at  an  amplifier  gain  of  =  1000. 

2.  The  test  was  conducted  at  an  amplifier  gain  of  An  =  300. 

3>  A  0-5  volt  calibration  was  recorded  on  tape. 

Data  Playback 

4.  The  calibration  value  of  No.  3  (0.5  volts)  was  played 

back  to  an  oscillograph  with  a  playback  amplifier  gain  of 

A  -  20. 

P 

5.  The  test  data  were  played  back  to  an  oscillograph  with 

a  playback  amplifier  gain  of  A^  =  10  , 

Calculations 

a)  Prom  No.  1,  1.60  volts  *»  1  0  at  A  =  1000 

b)  The  test  run  gain  was  changed  (No.  2),  thus 

1 .60  volts  .  1  fl  at  A  .  1000 
o*1  ^00 

1 .60  x  volts  -  1  G  at  A  =  300 
0.48  volts  *  1  G 

c)  The  voltage  calibration  level  of  0.5  volts  (No.  3) 
is  equivalent  to 

0.48  volts  =  1  G 
0.50  volts  =  1  )  G 

0.50  volts  =  1.04  G 

d)  Therefore,  the  calibration  value  played  back  in  No.  4 
is  equal  to: 

1  .04  G  at  A  =  20 
P 

*  Representative  numbers  are  used  in  these  procedures  for  clearer  under¬ 
standing  . 
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W&  ix 


“ '■  The*  f/i l.iliivit Ion  value  of  No.  4  le  reduced  from  the 
oscillograph  end  it  is  equal  to  0.77  Inches  of  deflection. 
Thus, 

1 .04  G  =  0.77  in.  at  A  =20 

P 

or 

1.0  G  .  ~K0f  =  0,74  ln* 

f)  The  test  data  was  played  back  (No.  5)  with  an  amplifier 
gain  of  10,  thus 

1 .0  G  =  0.74  in.  at  A  =  20 

1.0  G  =  0.?4  (~)  at  A  =  10 
or 

1 .0  G  -  0.37.  In, 


B.  PRESSURE 

The  following  procedure  was  used  in  obtaining  the  amplitude 
scale  for  all  pressure  channels. 

Data  Acquisition 

1.  Hie  dynamic  calibration  value  was:  160  DB  (0.4l  psi) 
=  54  millivolts. 

2.  A  1.0  volt  calibration  was  recorded  on  tape. 

Data  Playback 

3.  The  calibration  value  of  1.0  volts  was  played  back  to 
an  oscillograph  with  a  playback  amplifier  gain  of  A^  =  20. 

4.  The  test  data  was  played  back  to  oscillograph  with  a 
playback  amplifier  gain  of  A^  =  10. 

Calculations 

a)  From  No.  1  we  have  0.4l  psi  =  .034  volts,  thus  the 
equivalent  psi  level  for  the  recorded  voltage  calibration  of 
No.  2  is: 

.034  volts  =  0.4l  psi 

and  1.00  volts  =  =  12.05  psi 


Vh  ^  I  1  V.  vs*%  f  unlti  .1  1  n  «rn.  4  i.n^iU  lr\  V),,  J  t  n  lMA  |  l  , 

12.05  psi  at  Ap  -■  20.  Ibis  calibration  played  to  an  oscillo¬ 
graph  is  equal  to  1.43  inches,  Thus, 

12.05  psi  =  1.43  in,  of  deflection 

or 

1  psi  =  0.119  in-  at  A  =20 

1  2. 05  p 

c)  The  test  data  was  played  back  at  a  lower  gain  (No.  4) 

than  the  calibration,  A  =10.  Therefore, 

*  P 

1  psi  =  ~  (0.119  in)  =  0.059  inch 


C.  STRAIN 

The  following  procedure  was  used  in  obtaining  the  amplitude 
scale  for  all  strain  channels. 

Data  Acquisition 

1 .  A  calibration  resistor  was  placed  acrosB  one  of  the 
legs  of  the  strain  gage  bridge  circuit.  The  value  of  the 
resistor  was; 

Rq  =  114,000  (l 

This  value  of  resistance  is  equivalent  to  a  strain  value  of 
520  qin/in.  For  gages  S-4o,  S-50>  S-90  and  S-100,  two  gages 
were  connected  in  series,  thus  the  equivalent  strain  for 
R  =  114,000  n  is  1040  nin/in. 

2.  When  the  calibration  resistor  was  placed  across  the 
circuit,  the  output  voltage  was  recorded  on  the  tape  recorders. 

3.  Step  No.  2  above  was  always  performed  at  the  same 
amplifier  gain  as  the  test  run  gain. 

Data  Playback 

4.  The  Rc  values  were  played  back  to  an  oscillograph 
with  a  playback  gain  of  A  =  5« 

x*1 

5*  The  test  data  was  played  back  to  an  oscillograph  with 
a  playback  amplifier  gain  of  Ap  =  10. 
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Calculations 

a)  From  No.  1,  the  value  of  the  calibration  is  520  pin/in. 

b)  The  calibration  value  played  back  to  an  oscillograph 
is  equal  to 

520  uin/in  -  °‘92  inch  of  deflection  at  Ap  =  5 

c)  The  test  data  (No.  5)  is  played  back  at  A  »  10,  thus, 

Jr 

520  uin/ln  =  O.92  (~  )  inch  of  deflection 

520  uin/in  -  1.84  in. 
or 


D.  TEMPERATURE 

The  following  procedure  was  used  in  obtaining  the  amplitude 
scale  for  all  temperature  data. 

Data  Acquisition 

1 .  A  15  millivolt  signal  was  recorded  on  all  channels  of 
the  tape  recorder*  This  signal  is  equivalent  to  692°  F. 

Data  Playback 

2.  The  15  millivolt  signal  was  played  back  to  the  X-Y 
recorder  with  a  playback  amplifier  gain  of  Ap  «=  5* 

3.  The  test  data  was  played  back  to  the  X-Y  recorder  with 
a  playback  amplifier  gain  of  Ap  *  25. 

Calculations 

a)  The  calibration  value  (No.  1)  played  back  to  the 
plotter  was  equal  to  1.7  inches.  Thus 

15  mv  *  692°  F  =  1 .7  in. 
or 

100°  F  =  0.246  in.  at  Ap  =  5 

b)  The  test  data  (No.  3)  was  played  back  at  a  gain  of  23, 
i  therefore, 

100°  F  =  0.246  in 
jOO^^^^^K^^inches  at  Ap  =  25 
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